Introduction
Several lines of evidence indicate that terrestrial ecosystems of the Northern Hemisphere constitute a large sink for atmospheric CO2 [Tans et 1993] because most tower sites do not strictly meet the measurement criteria of horizontal homogeneity [Baldocchi et al., 1988] . Lee [1998] However, direct measurement of horizontal or vertical advection from a single tower is very difficultß We examine the question of advection using measurements from three heights on a very tall tower in northern Wisconsin.
The tall tower allows us to look at differences of the sum of turbulent flux and storage flux between different levels above the vegetation. If there is no advection and the horizontal "control volume" [Finnigan, 1999] represented by these data is homogenous, the difference in NEE among levels will be zero. Nonzero differences must be balanced by the sum of horizontal and vertical advection because there is no source or sink of CO2 above the vegetation. This balance method permits us to estimate the magnitude of the contribution of total advection to NEE. In other words, we estimate the magnitude of total advection by computing the difference between NEE measurements at different heights above the canopy. We cannot conclusively distinguish vertical from horizontal advection, but we can draw some useful inferences.
Study Site and Measurements
The study site is located in the Chequamegon National Forest in northern Wisconsin. The region is in a heavily forested zone of low relief. A grassy clearing of •180 m radius surrounds the tower. The site, instrumentation, and flux calculation methodology have been described by Bakwin et [Stull, 1988] . In convective conditions the horizontal turbulent flux divergence on the left side of (2) is expected to be much smaller than the vertical turbulent flux divergence as long as the spatial scale of the horizontal flux divergence is much larger than the convective boundary layer (CBL) height [Davis, 1992] . This can be demonstrated via the following inequality:
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provided L >> zi [Davis, 1992] . For turbulence over a homogeneous surface this simply requires that the Reynolds averaging length L is much larger than the depth over which flux divergence occurs. This condition is easily satisfied. Heterogeneous surface fluxes, however, could create persistent spatial gradients in the horizontal turbulent flux at the scale of the surface heterogeneity, redefining L as the scale of the heterogeneity. This is most significant if the surface heterogeneity occurs at a spatial scale that is similar to the flux footprint. At smaller scales the surface heterogeneity will be washed out by larger-scale turbulent eddies. The size of the patches of wetland and upland around the tower is a few hundred meters. Except for the 30 m level this is substantially smaller than the flux footprint in unstable conditions. In stable conditions the primary difference will be a smaller vertical scale and a larger flux footprint; hence this approximation should be more robust. Thus (2) becomes
In order to get NEE we integrate (5) over a control volume chosen such that its horizontal scale is close to the tower footprint and its height is equal to the measurement height [Finnigan, 1999] . We obtain fO Zr (6c)
The quantities on the right-hand side of (6a), (6b), and (6c) are horizontally averaged values within the control volume. The first term on the right-hand side of (6b) is the CO2 storage flux Fcst, which is calculated from the CO2 profiles measured from the tower. The second term is the turbulent flux F ctt, , which is a direct EC flux measurement. These two components can be readily measured from a tower, and their sum NEE0 = Fcst + Fca,
has been widely used as an approximation to NEE with the assumption that the total advection flux F cadtot is negligible. With the approximation [Lee, 1998; Finnigan, 1999] Off (•) Equation (11) indicates that the difference in NEE 0 between two levels must be balanced by the total advection integrated between these levels (AFcadtot). The quantities on the righthand side of (11) can be directly measured from the very tall tower using any two of the three EC flux measurement levels. Therefore we can directly estimate AFcadtot. The ultimate cause of any differences in NEE 0 (ANEE0) is rooted in source/sink heterogeneity. Either differing turbulent flux footprints lead to differences in the turbulent flux term AFca,, or spatial gradients in CO2 mixing ratios are advected, altering the observed difference in storage AFcs t from the ideal one-dimensional case. Differing flux footprints contribute to ANEE 0 because the fetch area at one level differs from the fetch at another level [Baldocchi et al., 1988] and the underlying surface is heterogeneous along the fetch direction. This heterogeneity would appear as a systematic difference in the turbulent flux Fctt, among levels in addition to the vertical flux divergence typical of the boundary layer over a homogeneous surface. Similarly, spatial gradients in CO2 mixing ratios that lead to advection are ultimately rooted in flux differences across the landscape, though the fetch which influences F cs t is different from that of F ct b.
An apparent ANEE0 may also result from measurement errors, such as differences in calibration of the sonic anemom- 
Resvlts and Discussion
We focLs on the monthly averaged diurnal cycle of the terms in (6a)-!6c). Without doubt a single hourly or half-hourly observation of NEE could be greatly influenced by advection. However, we wish to investigate persistent advective tendencies that can significantly influence (bias) the sum of eddy flux plus storage in terms of the mean diurnal and seasonal cycles. Advection may be insignificant as a long-term average but can influence the mean diurnal cycle of NEE o and hence may lead to erroneous interpretation of relationships between NEE o and environmental variables such as light and temperature. Alternatively, persistent advection could influence the longterm integral of NEE o [Lee, 1998 ].
Diurnal Cycle
The monthly averaged diurnal pattern of CO2 mixing ratio at six levels ( 
Measurement of the mean vertical velocity is very difficult. We do know that the mean vertical velocity is rarely greater in magnitude than several centimeters per second for any one hour and most likely smaller than this for a monthly diurnal average. By using the observed concentration gradients from our tower and (14) 
